RIMARKS 

Fhc speciricatit)n and claims 7 and 42 ha\ e been amended lo correct the 
spelling cif the term "I angnuur-l^lodgell." C laims |S and 20 ha\e been amended for 
clarification purposes. C laims 1 4 and 46 have been cancelled. Claims 1-6.8. 10-13. 16-19 
21-22. .36.41. and 43-45 have been allowed. 

C laims L^ and 20 ha\e been objected to due to certain informalities. I hese 
claims ha\ e been amended consistent w ith the suggestions pro\ ided b\ the examiner. 
Allowance ofthe.se claims is respectfully requested. With respect to claims 7 and 42. the 
l-.xaminer rejects these claims because the I-xaminer llnds that these claims contain the 
trademark or tradename "Langmuir Blodaet." 

As an initial matter, the applicant notes that the term Langmuir Blodget 
contains a typographical error. The correct spelling is Langmuir-BIodgett. The claims and 
specification ha\ e been amended accordinglx . Furthermore, the term I,angmuir-Blodgett 
relers to a particular type of film, as is knoxxn in the art. 1 he term l.angmuir-Blodgett film 
refers to a tllm made of a set of monolayers, or layers of organic material one molecule thick 
depo.sited on a solid substrate. Attached as Inhibit A is MCC}RAW-HII.L DIC I lONARY 
Of SCIHNTII IC- AND TI-CHMC'AI. 1T;RMS (5'" ed.. 1994). page 1 108. in which the term 
•-l.angmuir-Blodgett tllm" is detlned as a "highly ordered monomoleeular lllm that results 
Irom compressing a siu lace la>er of amphiphilic m.^iecules into a lloating monola>er and 
iranslernng ,1 to a substrate b> dipping.- .\nached as Inhibit B is a printout from a uebsite 
(http: books.cambridge.org 0S2l424S0X.htm) that pi.n ides inlormation about a book on the 
l.^pic. entitled -1 angnuiir-Blodgelt f ilms.- I xhibit C ,s information from .several other 



icnn ihal has meaning ,„ ilic an and ,s not u>ed to identilN goods associated uitli a particnlar 



source. 1 he term, as used in the present specification, is not used as a trademark or 
tradename. 

CONCLliSlON 

The apphcation. as amended, is behe\cd to he in condition for allowance. 
W ithdraw al of the rejections and passage of the application to issuance is requested. 



Respectful 1\ submitted. 




Jill r. Povvlick 
Registration No. 42.088 
Attorney for Applicant 
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land transportation frequency bands 



language theory 



LANGEVirsJ FUNCTION 



structure such as a retaining wall to a buned anchor plaie, 

lanlnr'LnsUrtation frequency bands Icommi n] A grour 
of radio-frequency hands between 2? megahcrt/ and 3().(KK 
megahertz allcKated for use bv tax.cabs. railroads, buses, and 
trucks { 'land ,tran/-p3r:ta*sh3n 'tre-kw^n-sc ban/ 1 

land transportation radio services ((ommun] Any serMcc 
of radio communications operated by and for the sole use of 
certain land transportation carriers, the radio transnimine fac.l- 
uies of which are detined as tixed. land or mobile stations. 
{ 'land ,tran7-p9r;ta-sh3n 'rad-e-6 .sorv^s-o/ ' 

land-use classes [civhng] Categones into which land areas 
can be grouped according to present or potential economic use. 

1 'land .viis ,klas-3z I . n 

land-usemap Imap] a map showing land-use classes as well 
as other earth surface features such as roads, manuiactunng 
plants, and harbors. { 'land ,yus ,map } 

lane Iciv engI An established route, as an air lane, shipping 
lane or highway traffic lane. Inav] One of the sections of 
the coverage area of a pair of Decca stations in which any phase 
relationship may be measured. Man) 

. i-« ^.^..otinn W F.mden equation. ; Ian envdnn 

l_cii itr-L-iiiw^x — 

ikwa-zhsn I . . n- . „ 4-^^ 

Lane-Emden function Sec Emden function, ■, Ian em-don 

fank-shan I r . 

Lane's law [astrophvs] For the contraction of a star that is 
assumed to be a sphere of perfect gas, the law that the temper- 
ature of the perfect-gas sphere is inversely proportional \o its 

radius. { 'lanz ,16 ) , i 

langbanite Iminerai ] An ironblack hexagonal mineral com- 
posed of silicate and oxide of manganese, iron, and antimony 
occurrmg in prismatic crystals, i 'lar)-b,T,nit } 
langbeif^te [MINERAL 1 K,Mg,(SO,). Colorless, vellowish, 
reddish or greenish hexagonal mineral with vitreous luster, 
found in salt deposits used in the fertilizer industr>' as a source 
of potassium sulfate. { 'lag.bT.nit } 

Langerhanscell [H.sroi ] 1. A type of cytotrophoblast m the 
hui^an chorionic vesicle which is thought to secrete chorionic 
gonadotropin. 2, A highly branched dendritic eel o1 the manv 
malian epidermis showing a lobulated nucleus and a diagnostic 
organelle resembling a tennis racket. I 'lai^'sr hanz ,sel ) 

Langerhanslan adenoma islet-cell tumor. I .lari-ar ham 

zc'3n ,ad-3n'o-m9 1 , , r 

Lange's nerve [inv /go] One of the paired cords of nerN ous 
tissue lying in the wall of the radial penhemal canal of asteroids. 

I 'lan*3z ,norN' ■ . , r ,u 

Langevin-Debye formula [stai mhc h] A formula for the 
nolanzabilitv of a dielectric material or the paramagnetic sus- 
' eptibilitv of a magnetic material in which these quantities are 
the sum of a temperature -independent contribution and a con- 
tribution arisine from the panial orientation of pcrmanem elec 
inc or maimetic dipole moments u hich vanes ir.verselv sMih the 
K-mperature. ,\lso known as L.mgevm-l )ebv.' lau , | lan/.r 

\an d?'bT ,for*mvP-lo 1 , , t 

Langevin-Debye law .S.v I.angev,n-l)cbv. tonnula. . ian/L- 

van dp'h\ ,lo 1 ^ i r . , 

Langevin function [n i c ikum u;] A mathematical function. 
Li X) which occurs in the expressions for the paramagnetic su- 
centibilitv of a classical (non-quamum-mechanical) col ection 
of magnetic dipoles. and for the polarizahility ol mo ecules 
having a permanent electric dipole moment, given bv U x) 
coth V - 1/v. I lanzh-van fnrik-sh3n } 
Langevin ion See large ion. 1 lan/h-van ,ran i 
Langevin ion-mobility theories [mkikI 1 wo theories de 
veloned to calculate the mobilitv of ions ,n gases; ihc lirM as 
... wi,! ...n^ intr-,i..-! ihi'nidi ;i harJ sphere co\U 



tic radiation pressure, equal to the difference between the mean 
pressure c^n an absorbing or reflecting wall and that in the saiDc 
acoustic medium, at rest, behind the wall. I lanzh-van rad-e'a- 
shon ,presh-nr | 

Langevin theory of diamagnetism jp i hc i komacI Atheon 
based on the idea that diamagnetism results from electronic 
currents caused b\ Larmor precession of electrons msidi- atoms. 
( lanzh-van ;the-o'-re 3v ,dro'mag-nn,iiz-3m 1 

Langevintheory of paramagnetism [m w tromac;! Athe- 
or^ which treats a substance as a classical (non-quanium- 
mechamcah collection of permanent magnetic dipoles with no 
interactions between them, having a BoUzmann distribution 
with respect to energ> oi' interaction with an applied field, 
{ lanzh-van ;the-o-rc p\ ,par?'mag-no,tiz-9m 1 

langite [minfral] a blue to green mineral composed of ba.sic 
hvdrous copper sulfate. 1 'larijt } 

langlay [despng] a wire rope lay m which the wires of each 
strand are twisted in the same direction as the strands. { 'laq 
,1a 1 

langley [physI A unit of energy per unit area commonly 
employed m radiation theory; equal to 1 gram -calorie per square 
centimeter. ( 'laO'le ] , . u u, ^ . 

Langmuir-Bloagen mm im . . v ^ , - 

monomolecular him that results from compressing a surface 
laver of amphiphilic molecules into a floating monolayer and 
transferring it to a substrate by dipping 1 'lar],mvur 'blaj-ai 

Langmuir-ChildequationSf'r Child's law. { laD,myur child 

ikwa-zhsn 1 , . 

Langmuir dark space [electrI A nonluminous region sur 
rounding a ncgativelv charged probe inserted in the positive 
column of a alow discharge. { 'lari.myar 'dark ,spas 1 
Langmuir diffusion pump U-:n(-,1 A type of diffusion pump 
in which the mercury vapor emerges from a nozzle, giving^ 
motion m a direction away from the high-vacuum side ol the 
pump. { ;iar)-mvur di'fyu-zhsn ,p9mp 1 , 
Langmuir effect' [sotjn state] The ionization of atom o 
low ionization potential that come into contact with a hot meiai 
with a high work function, I 'lar,,myur i ,fekt ! 
Langmuir isotherm equation [phvs chi mI An equ toa 
useful chiefly for gaseous systems, for the ^^"i^*^"' f '"T 
adsorbed on a surface as a function of pressure, while ih em- 
perature is held constant, assuming that a 
cules IS a<isorbed; it is r = ap/i 1 - apu where /is t . rac^oj 
of surface covered, p is the pressure, and a is a cons 
I 'lao,myur •Ts-o,th^>rm i,kwa-zhon 1 treoucncv of 

Langmuir plasma frequency [n phvsI Th trLquc 
nonpropagating oscillations in a plasma: in ^^'^^^^ ' ^^^^ 
units. It is (..Ve,m)-. where . and m are the charge an^n^^^^^ 
of the oscillating electrons or ions, n ,s their ''f^'''! ^ 
and e,. i^ the permittivitv ot emptv space. M^t^ 
plasma frequcncv, I ' lari ,mvur 'piaz-mo i.tn- 
Langmuir probe ji'i i'HVsI A device Icm nKasuMn ^^^^^^^ 
perature and electron densits ot a plasma, ^^'^'^f''-.^^ 
irode m contact ^v ith the plasma ^^hosc poicntu'. ; 
the resulting collection currents are meaMirc . 

prob I , ■ tr 

Langmuir wave [v\ phys] A longuudmal. c.c.n - ^^-j 
that propagates in a plasma, because of vanaiior.> m i ■ 
electron densitv. ; lao,myur ,wav | ....rv poly<^*** 

Lang'svesicle [inv/oo! a seminal bursa m man> t 

flaiworms. ( 'lai^z ;ves\vkoI } \ri\\^^^^^ 
language Wn^^vv^ sci] Tlie set ot word^ '^^^ ^^^^^ 
construct sentences witli which lo express ai o ,,^uipn^ 
mation \ox handlini: b\ computers and asso. 



LANG LAY 



Langevin ion-recombination theory 

.Mrdictnii: th- rate nt ivoMnbn.aiK m; iK-ain ^ ^^Mn po.ii x; 
,ons in an ionized -a^ on the a->umpnon thai unv- opp.-i,. 
.M-n appr*Kich one another under the mtlu.'ncc ol nunuai a!ira. 



:,iiquaqe suDse, 

;viicr^ lha; 'U'; ;ui ■ . ^ ,iiM'^:ir -. ■■ " ■■' 
iaiii:uag.- laiv^^^ i' -^^^ 
language theory [www. \ brancii .h;*-^' 
,nu-nipf- tomiulati- liic i:raniniar ol a laiiin. 



Langevin radiation pressure 
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This book provides a multidisciplinary 
introduction to the subject of Langmuir- 
Blodgett films. These films are the focus of 
intense current worldwide interest, as the 
ability to deposit organic films of nanometre 
thicknesses has many implications in materials 
science, and in the development of new 
electronic and opto-electronic devices. 
Beginning with the application of simple 
thermodynamics to the common bulk phases 
of matter, the book outlines the nature of the 
phases associated with floating monolayer 
films. The Langmuir-Blodgett deposition 
process itself is described in some detail and 
contrasted with other thin film techniques. 
Monolayer-forming materials and the 
structural, electrical and optical properties of 
Langmuir-Blodgett films are discussed 
separately. Each chapter is comprehensive, 
easy to understand and generously illustrated. 
Appendices are provided for the reader wishing 
to delve deeper into the physics and chemistry 
background. 



Contents 

1. The bulk phases of matter; 2. 
Monolayers: two-dimensional phases; 3. 
Film deposition; 4. Monolayer materials; 
5. Langmuir-Blodgett film structure; 6. 
Electrical phenomena; 7. Optical 
properties; Appendices; Materials index; 
Subject index. 



Reviews 



' ... an excellent introduction to the science of 
Langmuir-Blodgett films. Any academic who is 
involved in this area would be wise to purchase 
a copy to have available for students under 
their supervision, while researchers in the 



!f a field of human art is ofilv considoreci to [^t 
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textbook, then scientists studying Langnnuir- 
Blodgett (LB) films should thank Michael Petty. 
His book is the first description of the field to 
be aimed at a wide range of readers. .. Petty's 
bool< IS a well documented and fairly large 
overview of all the physical aspects of the LB 
method. It will be appreciated by graduate 
students starting in the field and by anyone 
who thinks that LB films deserve interest.' 
Serge Palacm, Physics World 

'I found the book easy to read and adequately 
illustrated throughout. It covers a broad 
subject area and is an ideal introduction to this 
rapidly growing area. The author has brought 
together a wealth of information, and although 
the subject matter is multidisciplinary, he 
provides sufficient background information to 
make the book useful to physicists, chemists, 
novices and experts.' G. J. Ashwell, Chemistry 
in Britain 

\.. a clear description ... It provides a useful 
introduction for both students and new 
researchers.' Aslib Book Guide 
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Order by phone (-44 (0)1223 326050) or fax (-44 (0)1223 32611 1). 
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I'ollowing ihc realisation of Lord Ra>icigh that a film ofoil on water was just one 
nioicculc thiek Langmuir demonsiraied thai monola\ ers oiMatty acids could be 
ordered on the surface of w ater by application of pressure undergoing phase 
changes ironi a gaseous state of non interacting niolecules to a "solid" state where 
the molecules interacted in a rigid film, Langmuir and l^lodgett realised the transfer 
of such monolayers from the water surface to a solid substrate by slow ly passing an 
appropriately treated substrate through the air/water interface. Films may be picked 
up on passing from air into water and \ ice \'ersa, Y t\'pe deposition, only on 
passing from water to air. Z t\'pe. and on immersion from air into the water only. X 
t\pe. 

In practice films are spread on an ultra clean \\ aicr subp/tase in a tellon trough in a 
clean room (class 100). The trough has a moveable teflon barrier straddling the air 
water interface and this is controlled mechanically to compress the film under 
ser\ o-controL As the surface area of the film is thus reduced the surface pressure of 
the film increases. The pressure-area isotherm is monitored continuously and at 
some area molecule the pressure w ill begin a rapid increase as the solid phase is 
reached while the area per molecule remains approximateh' constant. If the 
pressure increases much further the film will be liable to collapse. 

.At some predetermined pressure in the solid phase the film pressure is held stead> . 
A substrate may now be passed through the air water interface and as monola\ ers 
are picked up the film area will reduce. The pressure is held constant by feedback 
Irom a pressure monuor and the reduction ofai'ca is monitored to find a transfer 
ratio. 

(area of slide coxered) (loss of area from film on trough) 
IdealK this shtnikl be but it may be greater (i ( for example the molecules are 



the subphasc ov leaking undei" the barnei . 

\kin\ factors ma\ infiuence film formmL: charactci'iNtiCN some otW hieh are: 
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TcnipcralLire suhphasc 

Ph t)I suhphasc 

Purity of suhphasc 

Addition of ions to stabilise tlhiis 




The Molecular and Materials Ph\ sics group possesses three such troughs under 
computer control, one of which is an alternating kn er trough capable of alternating 
between two types of molecule on alternate passes of the substrate through the 
subphase which is divided into two compartments. 

lliese molecules are amphiphilic witli a long aliphatic chain that is hydrophobic 
pre\'enting dissolution of the molecule and a carbox\'lic acid head group which is 
h\ drophilic attaching itself to the water surface. Man\' molecules w ith this 
arrangement of h> drophilic and h\drophobic moities will for Langmuir Blodgett 
films. By attaching such parts to an electro or opticalK acti\'e molecule a 
functionalised molecule may be made. Because the films are x ector ordered when 
transferred to the substrate multilav ers with desired electro/optical properties may 
he assembled. !^\>r example w ith V deposition a centro symmetric multilayer maye 
be achicx ed w hereas X or / dcptisiUon w ill gi\ e a non-centro s\mmctric 
inultila> cr. Such films, when mcoi ptuatmg a conjugated region form Organic 
(^)ua!itum \\'el]> w hich may be the basis ol" niolccular electronic de\ iccn 

f or information contact k.j.donox an n qmul.ac.uk. 

Link to MMP Home Page 

l ink to Ph\ sics I lomepage 
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Nanotechnology and Monolayers 



It is often found that physics does not scale down. Scaling means that the rules 
that hold true at one scale (say a huge number of atoms in a crystal) are the same 
as the rules for a different scale (say a single molecule). Some folks consider this 
lack of scaling disconcerting and others are fascinated by the new physics to be 
explored and exploited. 

One source for the lack of scaling stems from quantum mechanical considerations. 
Quantum mechanics provides descriptions of systems comprised of a macroscopic 
number of entities based on the statistics of the thermodynamic partition function. 
What happens when these same statistical rules are applied to a single molecule is 
not always clear or predictable when many-body, intermoiecuidr, ur extended- 
lattice interactions are involved. 

Monolayers and isolated molecular layers on surfaces are prime examples of such 
scaled down systems. They also happen to occur on the nanometer scale which is 
of keen interest for the recent national effort in nanotechnology. This well- 
founded, concerted effort is based on the need for advancements in the areas of 
physics, supramolecular chemistry, biology, technology, medicine, and mechanics 
to name some of the general categories. In very real terms we are neophytes 
peering forward in to a world with vastly superior understanding and control. 

Monolayers and isolated molecular layers can be formed using many techniques 
including evaporation, sputtering, spin coating, scanning probe microscopes 
(SPM), self-assembled molecules (SAM), and Langmuir-Blogett (LB). The latter 
three techniques provide the most control over the monolayers and molecules. 
SPM formation of monolayers will be too slow for the foreseeable future so we 
focus on SAMs and LB films. This section is devoted to the formation of single and 
multiple monolayer films using the Langmuir-Blodgett technique. 



Langmuir-Blodgett Films 



HvnroDnoDiL 
Tail Group 



traditional Langmuir film forming molecules. 
These molecules have a hydrocarbon chain 
which is hydrophobic and a arid head group 
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which is hydrophilic. The hydrophilic head 
group is attracted to water and the hydrophobic tail group would prefer to be 
elsewhere (perhaps skiing). Thus when a film of a carboxylic acid is spread on a 
water surface, the nnolecules stand on their heads. Room temperature water 
exposed to air ionizes about 50% of the arachidic acid molecule shown. 



Monolayer Phases 

When molecules are first spread on the 
water surface they are very loosely pack and 
form a gas phase. This is seen at large 
molecular areas and very low surface 
pressures n. As the barriers are closed there 
is a transition at which the pressure 
suddenly starts to increase more rapidly. 
This change in compressibility signifies the 
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onset of the liquid phase ^-^ 



where thert; is no 
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long range order but the molecules are not 
as free to move about as in the gas phase. 
As the barriers are even closed further, the 
nearly incompressible solid phase transition 
is noted by an onset of yet another change 
in slope. At low molecular areas and high 
pressures, this solid phase typically has a 2D 
lattice with hexagonal arrangement of 
molecules and an extrapolated molecular 
area of Ao. Compressing the layer further 
would lead "collapse" of the monolayer at 
nc. This final phase, not shown, often looks 
like the aftermath of the collision of tectonic plates -- a catostrophic situation best 
avoided. It is interesting to note that a 2D surface pressure of 25mN/m on a 
molecule which is 25 A long is akin to 100 atmospheres of pressure! 
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Setup for Langmuir - Blodgett 
Deposition 

The next step beyond studies of the 
Langmuir monolayer is the formation of the 
n Langmuir-Blodgett film on a solid support. A 
^ typical setup involves a hydrophobic 

substrate such as freshly etched silicon wafer 
or a silanized slip cover. The desired surface 



Transferring Monolayers 

One or more monolayers can be transferred 



n 




Even 
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on to the substrate by lowering and raising 

the substrate through the monolayer interface. In this exannple, the hydrophobic 
tails of the carboxylic acids are attracted to the hydrophobic substrate on the first 
pass. When the substrate with the first monolayer is subsequently raised, the 
hydrophilic head groups are attracted and thus a second monolayer is applied. 
This process can be repeated indefinitely at constant surface pressure. 



Multilayer Film 

Films may consist of 1, 2, or 10,000 monolayers. A six 
layer X-type multilayer film is shown here. X-type films 
oo^Q^$^i^^^ are comprised of head to head, tail to tail arrangement 

shown and are deposited on hydrophobic substrates. Two 
other types of films are Y-type and Z-type. While lacking 
in colorful (or even descriptive) titles, they can be 
interesting at times. One major difficulty with Y and Z - 
type films is that they tend to be unstable compared to X 
type. 
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Substrate 



Post Deposition Treatment 

Simple formation of single and multiple 
monolayer films can be somewhat 
monotonous. To spice things up it is possible 
to transfer a mixed monolayer to a substrate. 
In the cartoon we see 2 blue for every red 
molecule. Once the monolayer or multilayer 
^■'-^ h-^c hppn ;:^np|jpci, the film can be 
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comprised of the other molecular type. 
Another possibility is to chemically react the 
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tail has been removed leaving only the head group. 



Conclusion 



With a basic understanding of Langnnuir - Blodgett films it is possible to study film 
physics. This is divided into two interdependent areas; morphology and physics. 
Below are some of the techniques used to investigate the films. 

1 l-Area Isotherms: The most straight forward tool for studying Langmuir 
monolayers is the pressure area isotherms discussed above. From this we can 
infer the molecular areas, packing, and phase transitions. On heterogeneous films 
it provides information on miscibility of the two dimensional phases. 

X-rays: X-ray diffraction at the air-monolayer is one tool which provides insight in 
to the film arrangempnt. This work provides information about the three 
dimensional electron density of the films which provides information on the 
molecular arrangement on both the liquid and solid surfaces. 

SPM: Scanning Probe Microscopy is a useful tool for the study of solid surfaces. 
This apparatus maps the surface topography of a film by scanning the tip of a 
probe over the surface with angstrom resolution. 

FTIR: Fourier Transform Infrared Spectroscopy provides information on the 
chemical composition by looking at the absorption of photons by molecular 
fragments at frequencies characteristic of the atoms and bonds therein. 

Magnetoresistance: 

Magnetization : 
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Langmuir-Blodgett film 

A Langnnuir-Blodgett (LB) film is a set of monolayers, or layers of 
organic material one molecule thick, deposited on a solid substrate. 
An LB film can consist of a single layer or many, up to a depth of 
several visible-light wavelengths 

The term Langmuir-Blodgett comes from the names of a research 
scientist and his assistant, Irving Langmuir and Katherine Blodgett, 
who discovered unique properties of thin films in the early 1900s. 
Langmuir's original work involved the transfer of monolayers from 
liquid to solid substrates. Several years later. Blodgett expanded on 
Langmuir's research to include the deposition of multi-layer films on 
solid substrates 
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By transferring monolayers of organic material from a liquid to a solid 
substrate, the structure of the film can be controlled at the molecular 
level Such films exhibit various electrochemical and photochemical 
properties This has led some researchers to pursue LB films as a 
possible structure for integrated circuits (ICs) Ultimately, it might be 
possible to construct an LB-film memory chip in which each data bit is represented by a single molecule Comple) 
networks might be fabricated onto multilayer LB-films chips 
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